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Device for use in a vehicle 

The present invention relates to a device for use in a 
vehicle, for transmitting drive force from at least one 
5 first wheel to at least one second wheel of the vehicle 
by means of a hydrostatic transmission arrangement. 

Within patent literature, it is previously known to 
propose vehicles, for example motorcycles and variants 

10 thereof, having hydrostatic driving of the front wheel 
from the rear wheel. Reference can also be made to 
vehicles which are under development and which are 
found, inter alia, in testing activities. Reference is 
also made to an ATV (All Terrain Vehicle) , which is a 

15 four-wheeled motorcycle. 

In known arrangements, problems can exist with the very 
high build-up of heat or energy which occurs in the 
hydrostatic system in various driving scenarios with 

20 the vehicle and applications thereof. The problem 
arises, in particular, when the front wheel is 
stationary or is rotated slowly and, at the same time, 
the rear, wheel is actuated for high rotation speed. 
Such a case can occur when the front wheel is 

25 stationary and the rear wheel spins relative to the 
underlying/ supporting surface due to acceleration, 
compare, for example, the case in which the 
underlying/ supporting surface for the rear wheel is a 
muddy puddle or is otherwise soft and the vehicle is 

30 not therefore carried forward despite the acceleration. 
Various braking conditions of the front and rear wheel, 
with foot and hand brakes, may also give rise to the 
situation or application in question. 

35 In previously known apparatus, the markedly different 
speeds of the wheels can cause the pressure relief 
valve of the pump to open and the entire quantity of 
oil to be rotated inside the pump. The large amount of 
energy which is generated in this regard has therefore 
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to be absorbed by an increase in temperature in the 
pump housing and in parts of the vehicle connected 
thereto. The amount of energy which must then be 
absorbed may be of the order of magnitude of 10 kW, 
5 which means that a marked increase in temperature can 
occur in the pump housing and in the connecting lines 
and associated connecting fixtures. Owing to the high 
thermal temperature, the connecting lines and the 
fastenings might break and cause other external damage, 

10 for example personal injury. In order to solve this 
problem, it would be necessary in the prior art to 
resort to dimensioning lines, connections, etc. such 
that the indicated drawbacks do not materialize, but 
this imposes unreasonable dimensioning requirements, 

15 material type requirements, costs, etc. There is a need 
to obtain improved handling characteristics in respect 
of aerial travel (leaping with the vehicle) , wheel 
control, tilting, etc. The object of the present 
invention is to solve, inter alia, the whole or parts 

20 of these problems. 

The new device may principally be deemed to be 
characterized, inter alia, in that the arrangement 
comprises a hydrostatic pump, which can be driven with 

25 the first wheel, preferably via the vehicle engine, and 
a hydrostatic drive assembly, connected to the pump by 
a hydrostatic line system, for driving the second 
wheel. Additionally included are one or more members 
which wholly or partially bridge or disconnect or 

30 reconnect the drive assembly. The said member (s) is/are 
arranged to directly or indirectly detect and/or 
influence driving situation (s) for the vehicle and, 
should a change occur, to cause or bring about the full 
or partial bridging or reconnection of the assembly. 

35 

In the case of a motprcycle, for example, only a small 
amount, for example about 3%, of the medium flow (the 
volume flow) needs to be bridged or shunted past the 
assembly, which small amount produces a substantial 
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drop in the medium pressure, for example from about 350 
bar to values below 5 bar. After this small amount of 
medium diversion, the driving of the rear wheel from 
the front wheel is taken over, in fact, by the ground 
5 contact of the vehicle. The small amount of medium 
produces, for example, only a small build-up of heat in 
the system, which can easily be handled. In one 
embodiment, the device comprises a bridging duct, 
forming part of the hydrostatic line system, and a unit 
10 arranged in the said bridging duct and provided with 
one or more temperature -sensitive members. Additionally 
included are connecting and disconnecting members 
arranged in or at the bridging duct. The temperature- 
sensitive members can comprise one or more bodies 
15 having different thermal expansion coefficients . The 
connecting and disconnecting members can in this case 
be arranged such that they can be actuated by the body 
or bodies. The unit can therefore comprise a first body 
in the form of a fluid, for example hydraulic oil, and 
20 a second body made of metal, for example aluminium. The 
second body can consist of a housing or frame, 
enclosing a chamber for the fluid, and the thermal 
expansion coefficients in the fluid and the housing 
differ substantially. An alternative to fluid in the 
25 form of hydraulic oil can be wax(es) having well- 
defined melting and solidification temperatures. The 
connecting and disconnecting members can comprise a 
cone or needle, arranged such that it can be actuated 
by the aforementioned first body, and a seat belonging 
3 0 to the cone or needle. The second body and the cone can 
form a common part arranged sealed with sealing members 
inside the frame or housing of the unit . In a first 
thermal expansion case the cone seals the seat and 
keeps the bridging duct closed, whilst in a second 
35 thermal expansion case it keeps the bridging duct open. 
The body or bodies is/are chosen with thermal expansion 
coefficients and the cone/needle and the seat are 
arranged to allow connections and disconnections within 
a small temperature range, for example a temperature 
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range of about 5°. The device is preferably 
incorporated in a vehicle in the form of a motorcycle, 
in which the wheels normally make contact with the 
ground or supporting surface and the bridging by the 
5 bridging member (s) causes only a minimal drop in 
pressure in a pressure produced by the pump. In an 
alternative embodiment, use is made of a control 
function/control valve, computer function, etc. for the 
bridging or disconnection and reconnect ion. Minimal 
10 recormection times of 0.1-1.0 seconds will be 
obtainable . 

Further embodiments of the new device emerge, inter 
alia, from the following subclaims. 

15 

As a result of the above, construct ion- related 
advantages are gained by the possible use of bleeding 
or leakage functions. Only a small change in medium 
flow is required to be made relative to the case in 
20 which normal drive obtains. This offers advantages in 
the return to normal running, since the system is 
rapidly able to assume maximum propulsion function 
after the disconnection. The vehicle is usable, above 
all, in a two-wheeled motorcycle, but can also be used 
25 in different variants of motorcycles and four-wheeled 
vehicles according to the above. The hydrostatic system 
can be equipped with a bridging arrangement which can 
comprise pressure-detecting members, which react to 
permitted maximum pressure in the system, and a non- 
30 return valve arrangement, which reacts to whether the 
front wheel (the driven wheel) is assigned a higher 
speed than the rear wheel (the driving wheel) . The 
drive function from the rear wheel to the front wheel 
shall obtain when the vehicle is driven in the forward 
35 direction. So as not unduly to affect the vehicle when 
reversing, the system can be arranged, in a known 
manner, such that any such influence is avoided. 
Improved aerial travel characteristics can be achieved, 
since the control and actuating situation can be 
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maintained, thereby giving improved functioning. The 
post -reduction disconnection can be made immediately 
prior to impact with the ground and the connection can 
be realized a very short time after contact with the 
5 ground . 

A currently proposed device according to the present 
invention will be described below with simultaneous 
reference to the appended drawings, in which; 

10 

Figure 1 shows from above and in basic 
representation a hydrostatic arrangement 
on a two-wheeled vehicle, in which a 
rear wheel shall give rise to propulsion 
15 force on a front wheel by means of a 

hydrostatic system, 



20 



25 



Figure 2 shows in vertical section a structural 
illustrative embodiment of a unit 
forming part of the. hydrostatic 
arrangement according to Figure 1, 
having a temperature-detection function 
and a connection and disconnection 
function for a bridging line in the 
hydrostatic arrangement, and 



30 



Figure 3 shows in vertical section a further 
illustrative embodiment having a 
regulating valve, which can provide 
variable regulation of the medium flow. 



In Figure 1, a motorcycle is indicated diagrammatically 
by 1. The motorcycle comprises a rear wheel 2 and a 
front wheel 3. The motorcycle also comprises an engine 
35 4 (shown in basic representation) , which can be of a 
type which is known per se. The rear wheel is provided 
with a chain drive and the chain is symbolized by 5 and 
is driven from the gear ring 6 of the rear wheel. The 
gearbox of the vehicle is symbolized by 7 and a 
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gearwheel assigned to the chain 5 has the notation 8 . A 
pump arrangement forming part of the hydrostatic system 
9 is indicated by 10. The pump arrangement is arranged 
to drive a drive assembly 11 for the front wheel 3 . The 
5 pump arrangement and the assembly are connected to each 
other by a hydrostatic line system comprising a high- 
pressure line or high-pressure hose and a low-pressure 
line or low-pressure hose 13. On the low-pressure side, 
in the illustrative embodiment shown, a cooler 14 and a 
10 pressure accumulator 15 are fitted. The cooler 14 can 
form part of the arrangement if the motorcycle is to be 
driven in a hot climate, for example a desert climate. 

The said gearwheel 8 is connected by a shaft 16 to a 

15 drive device 17 for the said pump arrangement 10. The 
drive device can be constituted by a type which is 
known per se and can comprise a chain running in an oil 
bath. The drive device drives the pump 10a in a manner 
which is known per se. The pump arrangement also 

20 comprises a pressure relief valve, which enters into 
operation when there is maximum pressure over or in the 
line 12. The valve 10b can be of a type which is known 
per se and does not concern the present invention per 
se. In addition, the pump arrangement 10 comprises a 

25 non-return valve 10c, which enters into operation where 
the front wheel 3 rotates faster than the rear wheel 2, 
for example, in vehicle turning, various braking 
situations, etc. The drive assembly comprises a motor 
part 11a, which is driven by the pump 10a. The assembly 

30 additionally includes a reduction gearing lib. The 
units 11a and lib can be constituted by a type which is 
known per se and will not therefore be described in 
detail here. The transmission of the drive function of 
the assembly 11 to the front wheel 3 is indicated 

35 diagrammatically by 18 and is achieved with positively 
connected gear teeth, so-called splines, in a manner 
which is known per se. The constructions of the rear 
and front wheels are otherwise realized in a manner 
which is known per se, which shall also be spared 
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detailed description here. When the hydrostatic system 
is used, the pressure in the high pressure line 12 can 
be of the order of magnitude of 350 bar. With reference 
to normal running of the motorcycle, the rear wheel 2 
5 rotates slightly faster than the front wheel and 
thereby gives rise to a propulsion force, symbolized by 
F, on the front wheel. The said accumulator 15 ensures 
that the low-pressure line 13 admits a minimum 
pressure, for example about 3 bar, throughout the 
10 propulsion. 

According to the inventive concept, the arrangement is 
equipped with a bridging duct 19, which, as outlined 
below, can assume an open and a closed position. The 
bridging duct contains a thermostat 20 (shown in basic 
representation) , which opens and closes the bridging 
duct .19 in dependence on the temperature in the 
hydrostatic medium. The medium in the high-pressure 
line 12 is symbolized by the arrow 21 and the medium in 
the low-pressure duct 13 is symbolized by 22. The said 
medium can be constituted by hydraulic oil with 
associated conventional additives. The bridging 
direction in the duct 19 is denoted by 23. The said 
bridging function may have a different construction and 
can be assigned a different position within the system. 
In the present case, the bridging function is arranged 
in the drive assembly. The bridging function needs to 
operate only with a small medium flow differential 
(change in volume flow) from the high-pressure line 12 
to the low-pressure line 13 in order to produce a large 
change in pressure. In Figure 1, a ground surface is 
additionally symbolized by 24. 

Figure 2 shows a constructional illustrative embodiment 
35 of the structure of a unit 25 equipped with, on the one 
hand, a thermostat function and, on the other hand, a 
connection and disconnection function for a bridging 
line according to Figure 1 (compare 19) . The unit 
comprises a sleeve- shaped outer part 26 provided with 
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an external thread 27, by means of which the unit is 
arranged in a screw- in manner in the drive assembly 
housing. The unit has an external seal 28, which seals 
against an inner wall 29 of a drive assembly housing 30 
5 (indicated in basic representation) . The unit is 
provided with an internal chamber 31,. which can be 
closed off with a screw 32 sealed by a seal 33. The 
chamber 31 passes into a chamber 34 of smaller diameter 
or cross-sectional area than the chamber 31. In the 

10 chambers 31 and 34, a fluid medium 35 is applied. The 
medium can be constituted by hydraulic oil with any 
associated additives. Alternatively, the hydraulic oil 
can be replaced by wax(es) 36, which is/are known per 
se within the general context of thermostats. The 

15 hydraulic oil operates on the basis of a substantially 
even expansion and contraction function. The wax or 
waxes (the medium) has/have more distinct melting and 
solidification temperature ranges. The chamber 34 
contains a cone 37, which is sealed against the chamber 

20 34 by means of a sealing ring 38. At its end, the cone 
37 has a needle-shaped or plug- shaped member 39, which 
extends down into a cutout 40 in a seat 41. In the 
position shown in Figure 2, the plug 39 has assumed a 
position which seals the cutout 40. The cone is 

25 arranged such that it is longitudinally displaceable 
along the centre line 42 of the unit, downwards in 
Figure 2. In its upper parts, the plug is equipped with 
a tapered part 39a. When the plug is displaced, by 
means of the cone, in the direction of the arrow 43, 

30 the tapered section 39a is placed opposite the cutout 
40 in the seat, with the result that a passage is 
formed on the outside of the tapered part 39a of the 
plug and the seat hole 40. The bottom side 41a of the 
seat is connected to the high-pressure line 12 (see 

35 Figure 1) and the top side 41b of the seat is connected 
to the low-pressure line 13 (see Figure 1) . In the 
position shown in Figure 2, the passage between the 
lines 12 and 13 is closed. If the plug is displaced and 
the passage is present between the outside 39a of the 
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plug and the seat hole 40, the high and low-pressure 
lines are connected to each other, i.e. the bridging 
function is in place. The oil 35 or the wax(es) (= a 
first body) has /have linear expansion coefficients 
5 which result in the plug 39 being displaceable relative 
to the housing, the frame and the seat 41 (together 
forming a second body) , which therefore have 
substantially smaller second linear expansion 
coefficients than the oil 35 and the wax(es) 36. The 
10 displacement takes place in the direction of the arrow 
43 in dependence on the prevailing temperature in the 
unit. The linear expansion acts counter to the effect 
of counter-pressure in the direction of the arrow 44 , 
which counter-pressure is produced by the high pressure 
15 on the bottom face 39b of the plug and the low pressure 
on the face 37a of the plug fastening in the cone 37. 
If the heat rises, the plug is therefore pressed 
downwards in Figure 2 and, at a degree of displacement 
L which can measure between 1 and 3 mm, preferably 
20 about 2 mm, the connection between the lines 12 and 13 
is opened. The oil or wax bodies 35 and 36 therefore 
perform their linear expansion in dependence on 
indirect heat from the temperature in the medium in the 
high and low pressure lines. The unit 25 can be 
25 considered to operate on the basis of a bleeding or 
leakage function. In Figure 2, a part of the bridging 
duct is constituted by the passage between the plug 3 9 
and the seat 41. The connections and the disconnections 
of the bridging line must be made within distinct 
30 temperature ranges, which are preferably chosen to be 
small, for example temperature ranges between 80°C and 
85°C; 100°C and 105°C, etc. It will be appreciated that 
the arrangement involving wax/ waxes can be realized 
with more distinct temperature ranges. The oil or wax 
35 body is actuated by means of thermal conduction in the 
second body 25, which can be made of aluminium, alloy, 
steel, etc. The housing or frame 25 is fitted in a 
suitable place on the motorcycle, for example the drive 
assembly housing 30, which, for its part, can also 
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convey heat indirectly or directly to the oil or wax 

body and can assist in the connections and 
disconnections of the bridging. 

5 In the illustrative embodiment shown, the bridging, 
bridging execution and temperature -detect ion functions 
have been integrated in the unit 25. These functions 
can, of course, be separated with respect to location. 
The bridging execution can alternatively be 

10 electrically controlled from the temperature detection 
and/or, in turn, electrically control the bridging. The 
parts 26, 37, 3 9 and 41 can be made of material having 
a substantially lower thermal expansion coefficient 
than the oil/wax (es) and can be constituted, for 

15 example, by the said material type. The wax or waxes 
can be replaced by means of an equivalent nature. 

In Figure 3, a hydraulic motor is denoted by 45. A 
medium- conducting supply line has been indicated by 45 

20 and a discharge line has been indicated by 46. The line 
45 is connected to the outlet on a pump and the line 46 
to the inlet of the pump. Arranged parallel with the 
hydraulic motor is a bridging line 47 for the medium. 
The primary flow to and from the motor 45 is indicated 

25 by arrows and a bleed flow in the line 47 is indicated 
by 49. A control member or control valve is indicated 
in basic representation by 50. The member/valve can be 
constituted by an electrically controlled unit in the 
form of a proportional valve, which can be constituted 

30 by a type which is known per se and can comprise a coil 
51 and a needle 52, which operate against a seat 53 for 
bleed flow determination. The electric conductors 54 
and 55 of the coil can be connected to an operating 
member, which, in dependence on manual or automatically 

35 controlled actions, determines the position of the 
needle in relation to the seat and hence the size of 
the bleed flow* The operating member can be constituted 
by a position- influencing member 57, thermostat 58, 
etc. Alternatively, the control member can be 
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constituted by a mechanical member which can be 
correspondingly controlled. With the bleed function/ 
the primary flow can be varied. The variation of the 
primary flow needs to be relatively small, for example 
5 2-15%. When the vehicle is driven slowly and there is 
high pressure at the hydraulic motor, changes are made 
in the primary flow amounting to the 10% reduction. In 
normal driving on a main road, the flow reduction is in 
the order of magnitude of about 3%, etc. The control 

10 member can operate as a flow-changing or pressure- 
changing member. With the arrangement shown, the size 
of the front wheel drive can easily be varied, so that 
the size of the front wheel drive is altered in 
dependence on the driving conditions. The actuating 

15 members 57, 58 can be controlled by means of sensors, 
for example on the front and rear wheels, the throttle 
and/ or a separate actuating member. The front -wheel 
drive can therefore be arranged such that it can be 
wholly or partially shut off. Pressure generators and 

20 temperature sensors for and in the oil /medium can also 
be provided. Wheel bearing sensors for detecting the 
air pressure in the wheels can also form part of the 
arrangement, as can spin-detecting sensors, etc. 

2 5 The invention is not confined to the embodiment shown 
by way of example above but can be subject to 
modifications within the scope of the following patent 
claims and the inventive concept. In an further 
embodiment the actuating members can be controlled by 

30 voice operating device(-s). 



